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Presenter Notes
Presentation Notes
the basic idea is to show how satellite data can be leveraged to efficiently derive consistent and reliable information on the ways that the land’s surface is changing, and to apply this concept to a continent that has experienced dramatic changes over the past decades, especially as it pertains to the transformation of natural land to produce agricultural commodities that are consumed globally. 



2de Waroux, Yann le Polain, et al. "The restructuring of South 
American soy and beef production and trade under changing 
environmental regulations." World Development 121 (2019): 188-
202.

South America is home to important natural ecosystems



Fig. S1. Share of global production of leading agricultural commodities for top-producing 
regions. Data for pulpwood (non-coniferous) is not available before 1998. Source: FAOSTAT 

• Since 1985, South America has been the site of 
the greatest increases in the production of soy, 
sugarcane, and non-coniferous pulpwood. 

• Altogether, commodity production data indicate 
that as North America's share of global 
agricultural commodity production fell, South 
America played a leading role in the overall 
increase of agricultural commodity production 
(Fig. S1). 

• No region on Earth is likely to have experienced 
the scale of land conversion for the sake of 
agricultural commodity production that South 
America has. 

South America is a hotspot of land cover/land use change

Presenter Notes
Presentation Notes
Precise information on the expansion of commodity land uses across the globe does not currently exist. We can use commodity production data as evidence of the regions in the world that have experienced the most commodity land use growth, with the caveat that production rates can vary significantly across geographies. Most notably, South America went from producing a quarter of the world's growing soy supply in 1985 to over half by 2018. South America also produces the largest share of the world's beef supply and is only second to Eastern Asia in terms of increases in corn production since the start of our study period. 
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How have land cover and land use changed in 
South America since 1985?

Source: Hansen/UMD/Google/USGS/NASA



General methodology employed

2. Sampling

• Landsat data pre-processed and 
normalized

• Multi-temporal metric sets
• Bagged classification tree algorithms

• Sample pixels interpreted to create 
reference data

• Added value during interpretation stage
• Area estimates derived per good 

practice recommendation

1. Mapping

Mapped classes 
used as strata

Presenter Notes
Presentation Notes
a two-stage approach was employed to obtain results: first I mapped, and then I sampled. To map each land cover and land use, I used bagged classification tree algorithms and landsat data that was pre-processed and converted into multi-temporal metric sets using an established processing system that was developed and employed on a multitude of projects within our lab. The resulting mapped classes serve as strata which are used to target land themes of interest when drawing a random sample of the population, which is made up of every pixel in the map. 



Landsat data pre-processing & normalization
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Stratified random sample
(n=1000 sample pixels)





10

Presenter Notes
Presentation Notes
The labeling of the classes followed a hierarchical legend of land cover and land use classes which you can see here. Most importantly, we distinguish between established land  use classes, such as pasture and cropland, natural land cover classes, such as tree cover and shrubland, degraded tree cover classes, and semi-natural land, which correspond to areas of either smallholder, very low intensity land use, or transitional classes, which are areas that are not natural but on which a land use has not yet been established. The boxes you see in yellow orange and red correspond to classes that represent human impact on natural land covers, as can be measured from a remote sensing perspective. 
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Human impact in South America since 1985

Percent increase

Presenter Notes
Presentation Notes
The results show the degree to which humans have appropriated natural land across the South American continent.  Human impact on natural land cover in South America increased by 60% since 1985. This corresponds to a 20% decrease in unaltered natural land cover in a 34-year time period. Most of this change was due to increases in the land use category. I also found that 17% of 2018 tree cover extent in South America had been affected by a degradation event at some point since 1985. You can also see here that Brazil drives the continental-level tred – it’s the country where human impact has increased the most over the study period. In terms of the ecozones for which we have results, both the tropical moist deciduous forest ecozone and the tropical dry forest ecozone had more land impacted by human activity than intact natural land in 2018, a reversal from 1985.In South America, the increase in human impact on natural land cover over the past 34 years has averaged 8.1 Mha per year, which is equivalent to 21.6 soccer fields per minute.
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Fig. S4. Country and FAO ecological zone boundaries.
We report area estimates for ecozones colored in shades 
of green: Tropical rainforest, Tropical moist deciduous 
forest, Tropical dry forest, and Subtropical humid forest. 
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Human impact in South America since 1985

Percent increase

Presenter Notes
Presentation Notes
The results show the degree to which humans have appropriated natural land across the South American continent.  Human impact on natural land cover in South America increased by 60% since 1985. This corresponds to a 20% decrease in unaltered natural land cover in a 34-year time period. Most of this change was due to increases in the land use category. I also found that 17% of 2018 tree cover extent in South America had been affected by a degradation event at some point since 1985. You can also see here that Brazil drives the continental-level tred – it’s the country where human impact has increased the most over the study period. In terms of the ecozones for which we have results, both the tropical moist deciduous forest ecozone and the tropical dry forest ecozone had more land impacted by human activity than intact natural land in 2018, a reversal from 1985.In South America, the increase in human impact on natural land cover over the past 34 years has averaged 8.1 Mha per year, which is equivalent to 21.6 soccer fields per minute.
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Crop, pasture, tree cover trends from 1985 to 2018

Presenter Notes
Presentation Notes
We can also see how the continent changed between 1985 and 2018. The single most significant land change dynamic was the loss of natural tree cover We notice a steady decrease in tree cover extent since 1985, which begins to slow in 2004. By 2018, 16% of South America’s 1985 tree cover area was lost. The second largest category of change was in the pasture land use, which increased by 23% over the study period. Continental level pasture area increases until 2004, after which it stabilizes at around 300mha. When we look at the regional trends, we can see that pasture area in the panamazon region is actually increasing, but these gains are being compensated by losses in argentina, Paraguay, and Uruguay, resulting in this continental stabilization of pasture area. Cropland area increased by a factor of 2.6, and the area of tree plantations nearly quadrupled. I also found 38 Mha of natural tree regrowth. In my view, one of the most intriguing results from this study, besides the enormous magnitude of the documented human impact, was that in 2018, there were 55 Mha of transitional land. This represents a huge amount of land that has been altered from its natural state, but that is not economically productive in any way, so it’s kind of a lose-lose situation. 
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From-to dynamics: New crop, pasture, and transitional 
land area by previous land cover type

Presenter Notes
Presentation Notes
These graphs show the new area of crops, pasture, and transitional land based on previous land cover type. The most prevalent land cover transition in South America was the conversion of natural  tree cover in 1985 to pasture in 2018. The second most common transition was the conversion of pasture to crop. The combined transformation of tree cover to pasture and of pasture to crops are indicative of the intensification of land use across the continent.. The transitional land class I mentioned earlier is mostly made up of tree cover that was cleared but not yet or ever converted to a land use and pastures that were abandoned, and on which a regrowth process has begun. It has been estimated that the productivity of pastures in Brazil is less than half of their carrying capacity (40), despite recent significant gains in productivity (21, 39). Low intensity, low productivity pastureland replacing natural vegetation and the widespread phenomenon of cropland replacing pastureland are two important dynamics that reflect the overall intensification of land use across South America. Given the tripling of cropland area over the study period and the likely continued expansion of the commodity crop footprint (41, 42), an understanding of the interplay of crop and pastureland is needed (43)
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Fig. S2. Agricultural intensification in South America. Value 
added from agriculture (includes forestry, hunting, fishing, 
crops, and livestock production) in constant 2010 US$ and 
agricultural area (includes pasture, cropland, short tree crops, 
and tree plantations) in Argentina and Brazil (a) and Chile and 
Peru (b)

Presenter Notes
Presentation Notes
Further evidence of the trend of land use intensification across the continent is the increase in economic output per hectare of land under agricultural production (see Materials and Methods and Fig. S2). In Brazil and Argentina, for example, the value added from the agricultural sector has increased more quickly than the area of cropland in each of these countries (Fig. S2a.), which points to an increase in yield. Increases in yield can be attributed to more intensive land use management through the use of biotechnology, agricultural inputs, and improved agricultural practices (mechanization, irrigation, double-cropping, etc.) (48). 



Comparison with 
MapBiomas/LAPIG 
area estimates

Presenter Notes
Presentation Notes
The next evaluation of this work comes from a comparison with a recent analogous dataset for Brazil. The MapBiomas project provides annual maps of an extensive list of land covers and land uses for the entire national territory of brazil going back to 1985. Additionally, they recently finalized a very extensive sample assessment exercise, from which they are able to derive area estimates much like mine. The difference is that whereas my study employed a sample of 1,000 pixels, theirs employed one of 85,000 pixels. 



Crop, 1985-1994

Tree regrowth

Natural vegetation, Amazon biome 

Tree plantation

Other land uses

Water

Natural vegetation

Crop, 2016-2018

Mapbiomas sample-based 
assessment –
• All land cover classes
• 1985-2018
• 85,000 sample pixels
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Comparison with 
MapBiomas/LAPIG 
area estimates



Comparison with MapBiomas/LAPIG area estimates
Merged classes Land cover/land uses 

included
MapBiomas/
LAPIG classes Classes in this study

Natural tree cover, shrub, 
wetland

Tree cover, natural woody 
vegetation, wetlands 

(trees and herbaceous)

Forest formation, savanna 
formation, other non-

forest natural vegetation

Tree cover, long-lasting 
secondary forest, new 

secondary forest, natural 
shrub, wetland trees and 

wetland herbaceous

Herbaceous (natural and 
pasture) and non-natural 

shrub

Terra firma herbaceous 
cover, transitional lands, 

smallholders, pasture
Grassland, pasture

Pasture, natural 
herbaceous, transitional 
land, low intensity land 

use.

Crops Cropland (intensive row 
crop agriculture)

Annual crops, semi-
perennial crops Crops

Plantation Tree plantation Tree plantation Plantation

Perennial crops
Perennial agriculture 

(crops growing on trees 
and shrubs)

Perennial crops Short tree crops
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Comparison with MapBiomas/LAPIG area estimates

Presenter Notes
Presentation Notes
More importantly,  the concurrence of results from two very different sampling designs supports the general shared conclusions of the two studies, specifically the dramatic relative gains in cropland and plantations, the stabilization in terms of area of pasture, and the continued loss of natural tree cover. 



Conclusions
• Almost one fifth of the entire continent underwent  a 

change in land cover or land use over the 34 year study 
period

• The scale of this transformation has not been previously 
documented

• The methodology employed enabled the efficient use of 
satellite data to produce these area estimates

• Zalles, V., Hansen, M.C., Potapov, P.V., Parker, D., Stehman, S.V., Pickens, 
A.H., Parente, L.L., Ferreira, L.G., Song, X.P., Hernandez-Serna, A. and 
Kommareddy, I., 2021. Rapid expansion of human impact on natural land 
in South America since 1985. Science Advances, 7(14), p.eabg1620.

21Email: vzalles@umd.edu



Forest loss year

Hansen et al. "High-resolution global maps of 21st-century forest 
cover change." science 342.6160 (2013): 850-853.



Potapov et al. "Mapping global forest canopy height through 
integration of GEDI and Landsat data." Remote Sensing of 
Environment 253 (2021): 112165.



Global cropland dynamics 
2000-2019

Potapov et al. "Global maps of cropland extent and change show 
accelerated cropland expansion in the twenty-first 
century." Nature Food (2021): 1-10.



GLAD 30m forest disturbance alerts

• Near-real time updates on landscapes experiencing forest 
disturbance

• Derived from all new Landsat 7 and 8 scenes, giving a nominal 8 day 
revisit, with Sentinel 2 addition forthcoming

• Updated daily
• Operational for all 30°N-30°S
• Serves as an indicator product with low commission error, not as an 

area estimator
• A complementary product to the annual global map



• Near-real time updates on landscapes 
experiencing forest disturbance

• Derived from all new Landsat 7 and 8 
scenes, giving a nominal 8 day revisit

• Sentinel 2 alerts recently added
• Updated daily
• Operational for all 30°N-30°S
• Serves as an indicator product with 

low commission error, not as an area 
estimator

• A complementary product to the 
annual global map

GLAD 30m forest disturbance alerts



Stratify the continent based on satellite-derived soybean likelihood



Soybean stratification (20-km by 20-km blocks)



Soybean sample blocks (n = 75)



20 km

Soybean sample points (n = 75 x 20)



Field campaign



30 m resolution South America soybean cover in 2019

Soybean

Presenter Notes
Presentation Notes
Once all the sample blocks are mapped really well, pooling all training data together, I know I have got a representative training data set. 
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Song, Xiao-Peng, et al. "Massive soybean expansion in South America since 2000 and 
implications for conservation." Nature sustainability 4.9 (2021): 784-792.



Landsat data archive
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GLAD Landsat Analysis Ready Data (GLAD ARD) – Peter Potapov, et al.

GLAD Landsat ARD

Global Landsat ARD data
• Every 16 days
• From 1997 to present
• Data download through API
• Tools for data processing
• Classification tools

glad.umd.edu/ard/home



National and regional capacity building

Peru, Bangladesh,
Rep. of Congo,
Dem. Rep. of 
Congo, Nepal,
Indonesia, 
Guatemala, 
Lower Mekong…



Glad website: glad.umd.edu



Thank you for your attention!

UMDGLAD@UMD_GLAD

Follow us on social media:

My email: vzalles@umd.edu
Glad website: glad.umd.edu
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Land cover/land use map of 
South America
(1985-2018)
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2. Accuracy results








Comparison with 
MapBiomas/LAPIG 
area estimates

Presenter Notes
Presentation Notes
The next evaluation of this work comes from a comparison with a recent analogous dataset for Brazil. The MapBiomas project provides annual maps of an extensive list of land covers and land uses for the entire national territory of brazil going back to 1985. Additionally, they recently finalized a very extensive sample assessment exercise, from which they are able to derive area estimates much like mine. The difference is that whereas my study employed a sample of 1,000 pixels, theirs employed one of 85,000 pixels. 



Crop, 1985-1994

Tree regrowth

Natural vegetation, Amazon biome 

Tree plantation

Other land uses

Water

Natural vegetation

Crop, 2016-2018

Mapbiomas sample-based 
assessment –
• All land cover classes
• 1985-2018
• 85,000 sample pixels
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Comparison with 
MapBiomas/LAPIG 
area estimates



Comparison with MapBiomas/LAPIG area estimates
Merged classes Land cover/land uses 

included
MapBiomas/
LAPIG classes Classes in this study

Natural tree cover, shrub, 
wetland

Tree cover, natural woody 
vegetation, wetlands 

(trees and herbaceous)

Forest formation, savanna 
formation, other non-

forest natural vegetation

Tree cover, long-lasting 
secondary forest, new 

secondary forest, natural 
shrub, wetland trees and 

wetland herbaceous

Herbaceous (natural and 
pasture) and non-natural 

shrub

Terra firma herbaceous 
cover, transitional lands, 

smallholders, pasture
Grassland, pasture

Pasture, natural 
herbaceous, transitional 
land, low intensity land 

use.

Crops Cropland (intensive row 
crop agriculture)

Annual crops, semi-
perennial crops Crops

Plantation Tree plantation Tree plantation Plantation

Perennial crops
Perennial agriculture 

(crops growing on trees 
and shrubs)

Perennial crops Short tree crops
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Comparison with MapBiomas/LAPIG area estimates

Presenter Notes
Presentation Notes
More importantly,  the concurrence of results from two very different sampling designs supports the general shared conclusions of the two studies, specifically the dramatic relative gains in cropland and plantations, the stabilization in terms of area of pasture, and the continued loss of natural tree cover. 
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Difference in the number of 
sample pixels needed to 
obtain the standard errors 
presented for each area 
estimate had a simple 
random sample been used 
instead of a stratified random 
sample.  Values shown 
indicate the required 
additional or fewer samples 
compared to the stratified 
n=1000 sample pixels. 

Efficiency evaluation

Presenter Notes
Presentation Notes
Since my results were achieved using significantly less samples than those used by mapbiomas, I wanted to quantify the efficiency provided by the map strata. This graph shows the number of sample units that would have been needed to achieve the reported standard errors if we had used a simple random sample as opposed to the stratified sample. As you can see, our stratified random sampling approach yielded dramatic gains in efficiency for some classes and comparatively modest losses for others. For crop gain and cropland extent, nearly five times as many sample pixels would have been needed in order to match the precision of the area estimates. 



Lessons learned

• Accurate maps that are directly related to the theme 
of interest provide the greatest efficiency gains. 

• It may not be useful to stratify if the target class is 
very large

• There are tradeoffs when stratifying, so it is important 
to clearly define what the priorities of the study are. 
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